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ABSTRACT 

Context. Blue compact dwarf (BCD) galaxies are low-luminosity, low-metal content dwarf systems undergoing violent bursts of star 
formation. They present a unique opportunity to probe galaxy formation and evolution and to investigate the process of star formation 
in a relatively simple scenario. Spectrophotometric studies of BCDs are essential to disentangle and characterize their stellar popula- 
tions. 

Aims. We perform integral field spectroscopy of a sample of BCDs with the aim of analyzing their morphology, the spatial distribu- 
tion of some of their physical properties (excitation, extinction, and electron density) and their relationship with the distribution and 
evolutionary state of the stellar populations. 

Methods. Integral field spectroscopy observations of the sample galaxies were carried out with the Potsdam Multi-Aperture 
Spectrophotometer (PMAS) at the 3.5 m telescope at Calar Alto Observatory. An area 16" x 16" in size was mapped with a spa- 
tial sampling of 1" x 1". We obtained data in the 3590-6996 A spectral range, with a linear dispersion of 3.2 A per pixel. From these 
data we built two-dimensional maps of the flux of the most prominent emission lines, of two continuum bands, of the most relevant 
line ratios, and of the gas velocity field. Integrated spectra of the most prominent star-forming regions and of whole objects within the 
FOV were used to derive their physical parameters and the gas metal abundances. 

Results. Six galaxies display the same morphology both in emission line and in continuum maps; only in two objects, Mrk 32 and 
Tololo 1434+032, the distributions of the ionized gas and of the stars differ considerably. In general the different excitation maps for 
a same object display the same pattern and trace the star-forming regions, as expected for objects ionized by hot stars; only the outer 
regions of Mrk 32, I Zw 123 and I Zw 159 display higher [S ii]/Hq' values, suggestive of shocks. Six galaxies display an inhomoge- 
neous dust distribution. Regarding the kinematics, Mrk 750, Mrk 206 and I Zw 159 display a clear rotation pattern, while in Mrk 32, 
Mrk 475 and 1 Zw 123 the velocity fields are flat. 

Key words, galaxies: starburst - galaxies: dwarf - galaxies: stellar content - galaxies: abundances 
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1. Introduction as they have been regarded as the local counterparts of the 

distant subgalactic units (building blo cks) from which larger 

(3 Blue compact dwarf (BCD) galaxies are narrow emission-line systems are created a t high redshifts fcauffmann et al.l 119931; 

^ . objects, w hich undergo at the pres ent time violent bursts of stai- iLowenthal et"aDll997h : the study of these systems hence pro- 

■ formation ([Sargent & Searle||1970|). They are compact and low- vides important insights into the star-formation process of dis- 

. ' luminosity objects (starburst diameter < 1 kpc; > -18 tant galaxies. Moreover, even though most BCDs are not gen- 

^ mag), with a low-metal content (Zo/50 < Z < Zo/2) and uinely young galaxies, their metal deficiency makes them useful 

5_H high star-forming (SF) rates, able to exhaust their gas content objects to constrain the primordial ^He abundance and to mon- 

C3 , on a time scale much shorter than the age of the Universe, itor the synthesis and dispersal of heavy elem ents in a nearly 

Initially it was hypothesized that BCDs were t ruly young galax- pristine environment jPa gel et al. 1992; Mase gosa etaTI 11994 

ies^ forming their first generation of stars (Sargent & SearJ^ llzotov et al.|[l997l: iKunth & Ostli n 2000). Blue'compact dwarfs 

[1970; Lequeux & Viallefond 1980; Kunthetal. 1988), but the are also ideal laboratories for the study of the starburst phe- 

subsequent detection of an extended redder stellar host galaxy in nomenon: as they ai-e smaller and less massive than normal 

the vast maj ority o f them has shown that most B CDs are actually galaxies, they cannot sustain a spiral density wave and do not 

old sy stems ([Loose & Thuan 1986; Telles 1995;|Papaderos et al.| suffer from disk instabilities, which considerably simplifies the 

[I996t [Cairos et al. 2001a b, 2002, 2003) undergoing recur- study of the star formation process. Besides, the radiation emit- 

rent s tar-formation episodes (Thua^, 1991; .Mas-Hesse & Kunth[ ted by their SF regions is less diluted by the stellar continuum 

[1999|). than in giant spiral galaxies, allowing for more precise studies 

These galaxies present a unique opportunity to gain insights of element abundance ratios, 

on central issues in contemporary galaxy research. Chemically However, and in spite of the great effort done during the last 

unevolved nearby SF dwarfs like BCDs are an important link two decades on the field of BCDs, fundamental questions like 

to the early Universe and the epoch of galaxy formation, the mechanisms responsible for the ignition of their starburst. 
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their evolutionary status or their SF histories are still far from 
well understood. 

To answer these questions it is of paramount importance to 
first disentangle and characterize the different components that 
make up a BCD galaxy. This is a demanding and difficult task. 
At any location in the galaxy, the emitted flux is the sum of the 
emission from the local starburst, the flux produced by the neb- 
ula surrounding the young stars, and the emission from the un- 
derlying, old stellar population , all possibly modulated by dust 
(ICairos et al.l2002ll2003Ll2()07h . Substantial work in the field has 
shown that photometry alone does not a llow us to distinguish 
the different components in BCDs (see Kunt h & OstlinI l2000t 
ICairos et al.ll2002) . The properties of the SF knots in the same 
galaxy may vary widely: accounting for the flux in emission 
lines through broad-band filters and for the contribution of the 
stellar host is fundame ntal to derive the actual broad-band col- 
ors of the knots (Cairos et al. 2002i l2007h . On the other hand, the 
dust content (usually assumed to be negligible in BCDs) turned 
out to be quite significant in several obje cts (iHunt et al.ll200lt 
ICairos et"al ] |2003n Vanzi & Sauvagdl2004l) . 

The few spectrophotometric studies performed so far have 
shown indeed that they are the right way to tackle the problem: 
combining high resolution broad- and narrow-band images with 
high-quality spatially resolved spectra does allow us to distin- 
guish the young stars from the older stars, derive the history 
of the SF knots and constrain the evolu tion ary status of BCD s 
dCairos et al. I l2002t iGuseva et al.ll2003allbK ICairos et al.ll2007b . 
That very few spectrophotometric analyses can be found in the 
literature, and virtually all of them focused on one single object, 
is essentially due to the large amount of observing time that con- 
ventional observational techniques require. Acquiring images in 
several broad-band and narrow-band filters, plus a sequence of 
long-slit spectra sweeping the region of interest translates into 
observing times of two or more nights per galaxy. Thus compre- 
hensive analysis of a statistically meaningful sample of BCDs 
based on traditional imaging and spectroscopic techniques are 
in terms of observing time just not feasible. Moreover, these ob- 
servations usually suffer from varying instrumental and atmo- 
spheric conditions, which makes combining all these data com- 
plicated. Long-slit spectroscopy has also the additional problem 
of the uncertainty on the exact location of the slit. 

On the other hand, it has been recentl v shown (|Izotoy et al] 
2006t i Garcfa-Lorenzo et al.' '2008; Kehrig et al.' '2008^, 
Vanzi et a l. 2008; Lagos et al. 2009; James et al. 2009) that 
the state-of-the-art observational technique of integral field 
spectroscopy (IFS) offers an alternative way to approach BCDs 
studies in a highly effective manner IFS provides simultaneous 
spectra of each spatial resolution element under identical 
instrumental and atmospheric conditions. This is not only a 
more efficient way of observing, but it also guarantees the 
homogeneity of the dataset. In terms of observing time, IFS 
observations of BCDs are one order of magnitude more efficient 
than traditional observing techniques. This implies that now, for 
the first time, spectrophotometric studies of substantial samples 
of BCD galaxies have become feasible. 

Consequently, we have undertaken a long-term project, 
which aims to map an extensive and representative sample of 
BCDs by means of IFS. This galaxy sample, composed of about 
40 objects, has been chosen so as to span the large range in lu- 
minosities and morphologies found among the galaxies classi- 
fied as BCDs. The analysis of such a dataset will allow us to get 
insights into basic questions of BCDs research, i.e. how to ef- 
fectively disentangle the old and young stellar populations, set 
constraints of the age and SF history of the galaxies, study the 



triggering and propagation mechanisms of the star formation and 
investigate the metal abundance patterns. 

In the first two papers of this series (ICairos et alJl2009allbh . 
we illustrated the full potential of this study by showing re- 
sults on two representatives BCDs, Mrk 1418 and Mrk 409, 
both observed with the Potsdam multi-aperture spectropho- 
tometer (PMAS), attached at the 3.5m telescope at Calar Alto 
Observatory. In this paper, the remaining objects observed with 
PMAS are studied. The whole sample will be analyzed in a se- 
ries of future publications. 

This paper is structured as follows: In Sect. |2] we describe 
the observations, the data reduction process and the method em- 
ployed to build the maps. In Sect. [3] we present the main re- 
sults of the work, that is, the flux, emission line and velocity 
maps, as well as the results derived from the analysis of the in- 
tegrated spectra of the selected galaxy regions. These results are 
discussed in Sect. |4] and summarized in Sect.|5j 



2. Observations and data reduction 

2.1. The galaxy sample 

We present and analyze data of eight galaxies, all of 
them previously classified as BC Ds. All objects excep t 
Tololo 1434-1-032 are included in the iThuan & Martini (Il98ll) 
BCD list, while Tololo 1434+032 appears cataloged as a BCD 
in|Gil de Paz et al. (2003). 

Although strictly speaking one of the criteria that a 
galaxy has to fulfill to be classified as BCD is to 
have Mb > -18, it is worth mentioning that most 
BCDs studies (Thuan & Martin 1981; Paoaderos et al. 'I996t 
Cairos etal. 2001 a b; Beravall & Ostlin 2002; Kong & ChenS 
2002; Gi l de Paz et al. 2003) include a relatively high fraction of 
galaxies with luminosities higher than this limit. Indeed, in prac- 
tice the term BCD designates a set of objects that have a very 
wide range in properties as luminosities (-13 > Mb ^ -21) , 
morphologies or c hemical abundances (iKunth & OsthnI 120001 : 
ICairos et alJl2001bl) . 

We focus on objects that fall strictly within the dwarf galaxy 
regime; these systems, which tend to be also the more compact 
and more regular BCDs, are best suited to be observed with 
PMAS, as their small size makes it possible to map the whole 
starburst region in only one exposure. 

The basic data for the sample galaxies are listed in Table [T] 
The g-band SDSS images of the sample of galaxies are shown in 
Fig. [I] 

2.2. Observations 

Observations were carried out in 2007 March with the PMAS 
instrument, attached at the 3.5m telescope in the Observatorio 
Astronomico Hispano Aleman Calar Alto (CAHA). PMAS is 
an integral field spectrograph, with a lens array of 16" x 16" 
square elements, each 1" x 1" in size in the configuration used, 
connected to a bundle of 256 optical fibers; the fibers are re- 
arranged to form a pseudoslit in the focal plane of the spec- 
trograph. The final spectrum is thus composed of 256 spaxels, 
where by "spaxel" we refer to each element of the 16 x 16 
fiber matrix. For a d etailed descriptio n of the instrument see 
iRoth et al.l (|2005^ and' Kelz et all (l2006h . 

A grating with 300 grooves per mm was used during the ob- 
servations in combination with a SITe ST002A 2K x 4K CCD 
detector. This setup provides a spectral range of 3590-6996 A, 
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Fig. 1. Sloan Digital Sky Survey (SDSS) images of our sample of galaxies in the g-band; the field of view is 40 arcsec and the 
central boxes indicate the field of view covered by PMAS. North is up, east to the left. 



Table 1. The galaxy sample 



Galaxy 


R.A. 

(J2000) 


Decl. 
(J2000) 


Mb 


D 
(Mpc) 


Me 
(mag) 


Ab 
(mag) 


Mrk 407 


09 47 


47.6 


+39 


05 


04 


15.39 = 


tO.49 


27.2 


-16.78 


0.069 


Mrk 32 


10 27 


02.0 


+56 


16 


14 


16.08 = 


tO.ll 


16.4 


-14.99 


0.030 


Mrk 750 


11 50 


02.7 


+ 15 


01 


24 


15.76 = 


tO.54 


05.2 


-12.82 


0.175 


Mrk 206 


12 24 


17.0 


+67 


26 


24 


15.40 = 


t0.07 


24.3 


-16.53 


0.071 


Tololo 1434+032 


14 37 


08.9 


+03 


02 


50 


16.91 = 


tO.86 


29.2 


-15.42 


0.149 


Mrk 475 


14 39 


05.4 


+36 


48 


22 


1641 = 


t0.31 


11.9 


-13.97 


0.052 


I Zw 123 


15 37 


04.2 


+55 


15 


48 


15.44 = 


t0.08 


15.4 


-15.50 


0.062 


I Zw 159 


16 35 


21.0 


+52 


12 


53 


15.65 = 


tO.28 


43.8 


-17.56 


0.125 



Notes: R.A., Decl., D and Ab taken from the NED (http://nedwww.ipac.caltech.edu/ 1. Distances were computed using a Hubble constant of 73 km 
s ' Mpc"' and taking into account the influen ce of the Virgo Cluster, the Great Attractor and the Shapley supercluster. mg taken from HyperLeda 
(http://leda.univ-lyonl.fr/ ; lPaturel et al.ll2003h and Mb computed from the tabulated values of mg and D. 



with a linear dispersion of 3.2 A per pixel (the CCD was binned 
2 X 2 in both the spatial and the spectral directions). 

Calibration frames were taken before and after the expo- 
sures of each galaxy. The calibrations consist of spectra of emis- 
sion line lamps (HgNe lamp), which are required to perform the 
wavelength calibration, and spectra of a continuum lamp, nec- 
essary to locate the 256 individual spectra on the CCD and to 
perform the flat-fielding correction. Sky exposures were also ob- 
tained, moving the telescope typically several arcmin from the 
target position. Bias and sky-flats exposures were taken at the 
beginning and at the end of every night. The spectrophotometric 
standard stars BD+75325 and BD+332642 were also observed 
every night. The seeing ranged between 1 .2 and 2 arcsec. 

A complete log of the observations is provided in Table |2l 



2.3. Data reduction 

Although several dedicated software packages have bee n devel- 
oped in the last year s to reduce 3D-spectroscopic data (iBecked 
l2002HSanchel2Q06h . we decided to process our data using stan- 



dard IRAlQ tasks. While using IRAF routines has, with respect 
to the use of dedicated pipelines, the main drawback of requir- 
ing a considerable amount of interactive work, which makes the 
whole process somewhat slower, it has on the other hand the 
advantage of allowing a complete and precise control of all the 
parameters involved in each data-reduction step. 

The reduction procedure includes the bias subtraction, image 
trimming, tracing and extraction of the individual spectra, wave- 
length and distortion calibrations, flat-fielding, combination of 
the individual galaxy frames, sky-subtraction and flux calibra- 
tion. 

The first step in the data reduction was the bias subtrac- 
tion. All the bias exposures were averaged to obtain a master 
bias, which was then subtracted from the rest of the frames. Bad 
columns were interpolated with the IRAF taskfixpix. 

Next, apertures were defined and traced on the detector. 
Defining the apertures means to identify on the detector the spec- 
tra produced by the different fibers (that is, to find out how many 

' IRAF is distributed by the National Optical Astronomy 
Observatories, which are operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with the 
National Science Foundation. 
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Table 2. Log of the observations 



Galaxy 


Exposure time 


airmass 


Seeing 




(s) 




(arcsec) 


Mrk 407 


6900 


1.14-1.01 


1.4-1.8 


Mrk32 


6600 


1.06-1.09 


1.4-1.5 


Mrk 750 


5400 


1.20-1.09 


1.9-2.0 


Mrk 206 


6900 


1.25-1.16 


1.5-2.0 


Tololo 1434+032 


6600 


1.33-1.21 


1.5-1.8 


Mrk 475 


8400 


1.03-1.18 


1.5-1.9 


I Zw 123 


3900 


1.23-1.05 


1.8-2.0 


IZw 159 


5100 


1.09-1.04 


1.6-1.8 



and which pixels on the detector correspond to each fiber). The 
apertures are affected by the field distortions and/or by the op- 
tics of the system, and therefore each aperture does not line up 
along the dispersion axis, but has a clear curvature. Hence, after 
we have defined the apertures at a given spectral position, each 
of these loci must be traced along the spectral direction. 

Apertures were defined on well exposed continuum frames 
with the IRAF task apall; the task first finds the centers of each 
fiber (the emission peaks) along the spatial axis at some speci- 
fied position, and then asks for the size of the extraction window, 
which we set to 6.4 pixels (the best compromise between includ- 
ing as much signal as possible without contamination by nearby 
fibers). The apertures were then traced by fitting a polynomial to 
the centroid along the dispersion axis. A fifth degree Legendre 
polynomial was found to provide good fits, with a typical RMS 
of about 0.01 pixels. 

Once the apertures were defined and traced in the continuum 
frames, we again used apall to extract them in all the images. 
The extraction consists of summing the pixels along the spatial 
direction into a final one-dimensional spectrum. After that, we 
had the so-called "collapse" or "row-stacked" spectra: an image 
M xN, where M is the number of pixels in the dispersion direc- 
tion, and is the number of fibers (256 for PMAS). 

Afterwards we performed the wavelength calibration and the 
dispersion correction. In order to calibrate in wavelength we 
used the tasks identify and reidentify: i) first, in the comparison 
spectra (arc) we identified several emission features of a known 
wavelength in a reference fiber; ii) second, a polynomial was fit- 
ted across the dispersion direction; the standard deviation (RMS) 
of the polynomial fit gives an estimate of the uncertainty in the 
wavelength calibration. We obtained typical RMS of about 0.01 
A by fitting a fifth degree polynomial, iii) next, with reidentify 
we identified the emission lines in all the remaining fibers of the 
arc frame, using the selected one as a reference. 

Because of instrumental flexures, there are significant shifts 
(by up to two pixels) along both the spatial and the spectral di- 
rections, even among a sequence of consecutive exposures of the 
same object. Spatial shifts can be taken care of by measuring the 
offset between the brightest fiber spectra in the galaxy spectrum 
and in the corresponding continuum, and applying the correction 
in apall. 

As for the wavelength shifts, first we determined that these 
shifts were independent of the wavelength itself by compar- 
ing arc spectra taken at different times and telescope positions. 
We also assessed that the relation between pixel coordinate and 
wavelength were essentially linear, with negligible deviations 
from linearity. 

Then, in each sequence of spectra of a same target we mea- 
sured the shift in pixel on the spectral axis of the bright sky line 



at 5577 A, relative to the first spectrum of the sequence. The 
transformation in wavelength was done with the task dispcor, by 
slightly modifying the starting and ending wavelengths so that 
- Ws.o + 6X ■ D, where Ws is the starting wavelength, Ws_o is 
the starting wavelength of the reference spectrum, 6X is the shift 
along the spectral direction, in pixels, and D is the actual disper- 
sion of the spectra. In this way the sky line ends up at exactly the 
same position (within a few hundredths of pixels), which ensures 
that all the wavelength-calibrated spectra of the same object are 
at the same zeropoint. 

The wavelength calibrated data were corrected for response 
(detector pixel sensitivity variations as well as wavelength- 
dependent variations in the fibers transmission curves) by using 
the wavelength-calibrated continuum frames, and for throughput 
(variations in the whole responsivity of the lenslets and fibers) by 
using the sky-flat exposures. Both steps were carried out simul- 
taneously by running the task msrepl. 

After that the individual galaxy frames were corrected for 
atmospheric extinction (ad opting the "summer extinction coef- 
ficients" published by Sanc hez et al.l l2007) and combined with 
the task imcombine. The sky was subtracted from the final com- 
bined frame. For each object we took an offset sky exposure of 
a shorter duration (typically 5 minutes). Sky spectra were pro- 
cessed in the same way as galaxy spectra. A one-dimensional 
sky spectrum was produced by averaging the signal along the 
spatial direction with a sigma-clipping algorithm. The flux of the 
three to four brightest sky lines was measured in both the final 
sky spectrum and in the final galaxy spectrum to determine the 
appropriate scaling factor (with an accuracy of a few percents) 
by which to multiply the sky spectrum before subtracting it from 
the galaxy spectrum. 

Because the relative intensity of different sky lines varies no- 
ticeably on short time scales (Patat 2003), it is very difficult to 
find a scaling factor that applies equally well to all the sky lines 
and the sky continuum, and some fine tuning is required. The fi- 
nal scale factor was found by trial and error; we aimed at a value 
that minimized overall residuals in the sky lines (especially those 
close to galaxy emission or absorption lines) even if it left large 
residuals in sky bright lines that were not affecting any interest- 
ing spectral features. 

We must say here that minimizing sky-line residuals does not 
necessarily imply the best match between the sky background in 
the sky exposure and the sky background in the galaxy exposure. 
For this reason the uncertainties on the sky-subtracted galaxy 
continuum may be relatively large (and difficult to estimate), es- 
pecially in the outer regions of galaxies. While this does not at 
all affect the emission-line parameters (flux, width, redshift), it 
can clearly have a significant impact on the equivalent widths of 
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the less luminous SF knots and on the outer, fainter spaxels in 
the continuum maps. 

Spectra of spectrophotometric standards were reduced in the 
same way, except that the sky spectrum to be subtracted was 
computed with the median of the outermost fibers. The inte- 
grated spectrum of the spectrophotometric standards was ob- 
tained by summing all the fibers within a radius of about 2 
FWHM (typically 3 to 4 arcsec) from the fiber with the high- 
est signal. The IRAF tasks standard and sensfunc were used to 
derive the sensitivity curves, after combining the data for the dif- 
ferent spectrophotometric stars observed in the same night. 

By comparing the sensitivity curves for different nights and 
stars in this same observing run, we can estimate that the relative 
uncertainty on the calibration factor is generally equal or less 
than 2%, except blueward of 4000 A, where the curve shows a 
marked change of slope and the uncertainty increases to about 
8%. 

No corrections for differential atmospheric refraction (DAR) 
have been applied to our data. For the object observed at the 
highest airmass (Tololo 1434+032, airmass ^ 1.3), the differen- 
tial shift between the bluest and the reddest wavelength in our 
spectral range, measured on our data, is less than 1 arcsec (the 
shift between the Ha and the Hy6 lines is about 0.3 arcsec). Given 
the PMAS spaxel size of 1 square arcsec, the seeing > 1'.'2, and 
the fact that the diagnostic line ratios we compute involve emis- 
sion lines very close to each other in wavelength, we can safely 
ignore DAR effects. 

2.4. Emission line fit 

In order to measure the relevant parameters of the emission lines 
(position, flux and width), they were fitted by a single Gaussian. 
The fit was carried out by the chi square minimization algorithm 
implemented by C. B. Markwardt in the mpfitexpr IDL librar}0. 
The Hj6 line, where an absorption component was present, was 
fitted by two Gaussians. 

The continuum (typically 30-50 A on both sides) was fitted 
by a straight line. Lines in a doublet were fitted imposing that 
they have the same redshift and width. 

Criteria like flux, error on flux, velocity and width were used 
to do a first automatic assessment of whether to accept or reject 
a fit. For instance, lines with too small (less than the instrumen- 
tal width) or too large widths were flagged as rejected, as well 
as lines with a relative error on the flux of more than about 10% 
(the exact limits depend on the specific line and on the overall 
quality of the spectrum). These criteria were complemented by a 
visual inspection of all fits, which led to override in a few cases 
the automated criteria decision (either accept a fit flagged as re- 
jected, or viceversa). 

2.5. Creating tlie 2D maps 

Emission-Une maps were constructed in the following way: the 
emission-line fit-procedure gives for each line and for each line 
parameter (for instance flux) a table with the fiber ID number, 
the measured value and the acceptance/rejection flag. This table 
was then used to produce a 2D map, by using an IRAF script 
that takes advantage of the fact that PMAS fibers are arranged in 
a regular 16x16 matrix. The script automatically converts ADU 
counts into flux (erg s"' cm"^) by multiplying by a wavelength 
dependent conversion factor computed by using the sensitivity 
curve described above. 

^ URL: http://cow.phys ics.wisc.edu/~craigm/idl/idl.htmll 



Continuum maps were obtained by summing the flux within 
specific wavelength intervals, selected so as to avoid emission 
lines or strong residuals from the sky spectrum subtraction. 

Line ratio maps were simply derived by dividing the corre- 
sponding flux maps. 

3. Results 

3.1. Intensity maps 

IFS data provide within the field of view (FOV) of the instrument 
a simultaneous mapping of the galaxy emission in a broad wave- 
length range. Therefore we can retrieve monochromatic maps at 
specific wavelengths or co-added maps equivalent to broad- or 
narrow-band images. We constructed emission-line intensity and 
continuum maps for the observed galaxies. Results are shown in 
Figs. 1211 

3.LL Continuum maps 

To study the properties of the stellar component, we built contin- 
uum maps within selected wavelength intervals free from emis- 
sion lines ("pure continua"). Figs.|2]Hshow the "blue" and "red" 
continuum maps for the sample galaxies, obtained by integrat- 
ing the spectrum in the regions 4500^700 and 6000-6200 A 
respectively. 

All objects except two show an overall regular morphol- 
ogy in the continuum, with a well defined central peak and 
roughly circular isophotes. The exceptions are Mrk 750, whose 
outer isophotes are elongated in the northeast direction, and 
Tololo 1434+032, which displays a very irregular and clumpy 
morphology. 

3.L2. Emission line maps 

In order to study the ionized gas morphology of the sam- 
ple galaxies we built continuum-subtracted emission line flux 
maps for the most prominent emission lines: [On] /13727, H/3, 
[Oiii] /l5007,Ha, [Nii] ^6584 and [Sii] ^^6717, 6731). 

All the galaxies show a similar morphology in the different 
emission lines, as expected in objects ionized by stars. Six of the 
eight galaxies, namely Mrk 407, Mrk 750, Mrk 206, Mrk 475, 
I Zw 123 and I Zw 159, appear very compact in emission lines 
and have a single central starburst. In Mrk 32 the starburst is 
resolved into three smaller SF regions, aligned along a north- 
south axis, while in Tololo 1434+032 the current star formation 
activity spreads all over the mapped region. 

3.2. Line ratio maps 
3.2. L Ionization sources 

To investigate the excitation mechanisms acting in the galax- 
ies we computed the line ratio maps for [Oiii] /15007/H/J, 
[Nn] /i6584/Ha, [Sii] ^^6717, 6731/Ha and, in those cases in 
which the [O i] /i6300 line has a reasonably good signal-to-noise 
ratio, also for [Oi] A63QQfHa. 

High excitation values correspond to high values of the 
[O iii]/H/3 ratios and to low values of [N ii]/Hq' and [S ii]/Hq'. 
High values for [Oiii]/H/3 are expected when the ionization is 
produced predominantly by UV photons, especially when the 
ionization parameter is high. On the other hand, low excitation 
values can be associa ted with an ionizing mechan ism different 
from photoionization (IVeilleux & Osterbrocklll98"7h . 
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Excitation maps for the galaxy sample are displayed in 
Figs. |2]-[9] All objects show the same pattern in the different ra- 
tio maps: they trace the regions of star formation, with [O iii]/Hj6 
([Nii]/Ha, [Sill/Ha) peaking (having a minimum) in the SF 
knots, and decreasing (increasing) with the distance to the center 
of the region. This is the expected behavior in regions ionized by 
UV photons coming from massive stars: the metal-to-hydrogen 
line ratios change as a function of the ionization parameter (U), 
and therefore increasing the distance from the ionization source 
decreases the value of U, lowering the \0 m]/HI3 ratio and in- 
creasing the [S nj/Ha ratio dPom^or^en & Mathisll 19941) . 

3.2.2. Extinction maps 

Interstellar extinction can be probed by comparing the observed 
rati os of hydrogen recombin ation lines with their theoretical val- 
ues (lOsterbrock & Ferlandl [2006'). In the optical domain the ex- 
tinction is derived from the ratio of the different Balmer line se- 
ries to Hfi. In our case, although the Hd and Hy emission lines 
are usually visible, their weakness and that they are superposed 
on a strong underlying stellar absorption line make it impossi- 
ble to obtain reliable measurements of their flux for individual 
spaxels. Therefore the extinction maps have been derived from 
the Ha/Ufi ratio. 

For T = 10 000 K and electron densities ~ 100 cm"^, the the- 
oretical Ha/Ufi ratio should be close to 2.86. Because extinction 
is stronger at H/3 that at Ha wavelengths, its effect is to increase 
the observed ratio. 

In computing the extinction map, we corrected the Hj8 line 
for underlying stellar absorption by fitting a Gaussian profile 
to its absorption wings. For the Ha line, the absence of visi- 
ble absorption wings makes this decomposition impossible. To 
account for the Ho' absorption component, several approaches 
could be adopted in principle. The most popular one is to set the 
equivalent width of the Ha absorption, VK(Ha)abs, to the same 
value as found for H/S. A second more conservative approach 
is to set it to some fixed value (for instance 2 A) or simply to 
assume that the absorption in Ha is negligible. 

While the first strategy might be appropriate when dealing 
with with integrated spectra, the relatively high uncertainties on 
the measurements of W(Hj6)abs makes it unfeasible for a spaxel- 
to-spaxel correction, thus we adopted here the more conservative 
approach (setting W(Ha)abs = 0). Under this assumption, the 
computed extinction is actually a lower limit to its actual value. 

Ha/H/S line ratio maps of the sample galaxies are displayed 
in Figs. |2]-[9] Six out of the eight objects have significant inter- 
stellar extinction values — up to E{B -V)- 0.8 (herein we use 
the relation E(B - V) = 0.69 C(H/3)) — and a patchy dust distri- 
bution. 

3.2.3. Electron density 

We also produced maps of the [Sii] /l6717/[Sii] /16731 ratio, 
an electron density diagnostic sensitive ratio in the range 100- 
10000 cm"-'. The density maps of the sample galaxies are dis- 
played in Figs.|2]-[9] 

3.3. Kinematics of fhe ionized gas 

We studied the kinematics of the ionized gas using the 
[Om] /15007 and Ha emission lines. We fitted the peak wave- 
length of the above emission lines with a Gaussian to obtain the 
radial velocity of the ionized gas at each spaxel. Due to the low 



spectral resolution of our data (about 6.8 A FWHM) no reliable 
velocity dispersion measurements could be obtained. 

The velocity fields are shown in Figs.|2H9j in these maps red 
colors represent redshifts and blue colors blueshifts. The mean 
uncertainty in the velocity data, estimated from the scatter of 
velocity maps built on the 5577 A skyline (which in our spectra 
has intensities comparable with the Ha and [O iii] /15007 lines in 
the galaxies brightest parts), is about 10-15 km s"' in the central 
regions and increases outwards with decreasing line emission 
intensity. 

3.4. Integrated spectroscopy 

In this section we present results of the integrated spectroscopy. 
For each galaxy we extracted a one-dimensional spectrum of the 
SF regions in our maps and the integrated spectrum inside the 
whole mapped FOV. Six galaxies have just one nuclear SF re- 
gion; only in Mrk 32 and Tololo 1434-1-032 we identified two or 
more SF regions. 

Because of the heterogeneity of the sample in terms of ap- 
parent luminosity, distance, morphology, brightness of the SF 
regions, and signal-to-noise ratio of the observed spectra, there 
is no unique, clear-cut criterion for delineating the area of the SF 
regions. Thus we followed a more pragmatic approach, based on 
the specific morphology of the SF knots: we integrated within a 
boundary that follows the shape of the SF knot with a minimum 
area of ~ 20 square arcsec (that is an equivalent radius of about 
twice the seeing FHWM). For galaxies with multiple SF knots, 
the above criterion was relaxed; see the discussion on each indi- 
vidual object (Sect.|4]i. The SF knots are outlined and labeled in 
the Ha maps in Figs. |2]-|9] 

As for the integrated spectrum of a galaxy within the PMAS 
FOV, in order to not degrade its signal-to-noise ratio unneces- 
sarily by including outer spaxels with no gaseous emission, we 
only summed those spaxels with measured Ha emission (that is 
those shown in the Ha flux maps). 

Figs. [To] and [TT| display the spectra of the sample galaxies. 
In general all spectra are dominated by bright, narrow emission 
lines, indicating an important contribution of ionizing stars, but 
with significant differences among the objects: several galaxies 
display a very high continuum with strong absorption features, 
whereas some of them show a flat spectrum, characteristic of 
an OB population. A more detailed description of the spectral 
characteristics of the individual objects is provided in Sect. |4] 

3.4.1. Line fluxes and reddening correction 

The higher S/N ratio of the integrated spectra allows us on one 
hand a more accurate measurement of the Balmer line fluxes, 
and on the other a more careful and reliable determination of the 
extinction coefficient. 

For each spectrum we measured fluxes and equivalent widths 
of the emission lines using the Gaussian profile fitting option in 
the IRAF task splot. In order to obtain reliable values of Balmer 
fluxes in emission we must take into account the underlying stel- 
lar absorption (McCall et al. 1985; Diaz 1988). To do that, we 
followed two different approaches, depending on the character- 
istics of the spectra. 

When the absorption wings around the Balmer lines were not 
visible, we assumed that the equivalent width in absorption is 
the same for all the lines. We first adopted an initial estimate for 
the absorption equivalent width, EWabs, corrected the measured 
fluxes, and computed the extinction coefficient C(Hj6) through 
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a least-square fit to the Balmer decrement. We then varied the 
value of EWabs, until we found the one that provided the best 
match (e.g. the minimum scatter in the fit) between the corrected 
and the theoretical line rat ios. A more detaile d d escription of 
this m ethod can be found in ilzotov et al.l d 19941) and lCairos et alj 
(l2007h . 

We adopted the "case B" Balmer recombination decrement 
for Je. ^ 10000 K and A^e = 10"* cm"^ (Brocklehurst 197^ and 
the lCardelli et alj ( 1989) reddening curve. 

In those cases where absorption wings around the Balmer 
lines were visible, we simultaneously fitted an absorption and 
an emission component. We then applied the same method as 
before, varying the equivalent width in absorption only in those 
lines in which it could not be fitted. 

In several cases the values of the H6 and Hy fluxes are 
doubtful due to their intrinsic weakness and the large uncer- 
tainties in the correction for the underlying stellar absorption. 
In these cases we computed C{H/3) directly from the Ha/Hfi ra- 
tio: (i) if the absorption in Hj3 was fitted, we s et EW (iia)abs - 
EW(HyS)„i.,; (ii) if not, foflowing lMcCaU et al.1 (Il985h we set the 
equivalent width of both lines in absorption to 2 A. 

Reddening-corrected intensity ratios and equivalent widths 
for the different spatial regions are listed in Tables [3]-|6] 

3.4.2. Physical parameters and abundances 

Physical properties and ionic abundances were derived from 
the reddening-corrected emission line fluxes, following the 
5-level atom fivel program in the IRAF nebular package 
(iDe Robertis et aDil987l:lshaw & Dufoui]ir995i) . 

Electron densities were measured from the emission line ra- 
tio [S n]/l6717//16731; electron temperatures (re[Oiii]) were de- 
rived from the [O m] ^4363/(/l4959-i-^5007) ratio, in those spec- 
tra where [Om] /14363 was measured with high enough S/N. In 
these cases, re[Oii] was calcul ated from the relation between 
re[On] and re[Oiii] provided in fPilvugin et af] (l2006h . 

We then adopted re[Oii] for the calculation of N^, and 

abundances, and re[Oiii] for the calculation of O^^ and 
Ne^^ abundances. We used [Nem] /13869 to derive the neon 
abundance, [On] Xilll and [Oiii] /1/14959, 5007 for the oxy- 
gen abundance, [N ii] /1/16548, 6584 for nitrogen abundance and 
[S ii] AA61\1 , 6731 for the sulfur abundance. The total neon and 
nitrogen abundances were obtained as Ne/0 = Ne^^/0^^ and 
N/O = N^/O^, respectively, and the total oxygen abundance was 
calculated as O/H = (0+/H+ + 0++/H+) . 

To obtain oxygen abundances in those knots in which 
[O III] /14363 could not be mea sured, we appl i ed th e commonly 
used strong-line method from iPettini & Pagel (2004). 

Physical properties and chemical abundances are listed in 
Tables Q and [8] where the most common ratios for diagnostic 
are also included. The final quoted uncertainties were derived by 
error propagation taking into account the errors in flux measure- 
ments. 

4. Discussion 

4.1. Mrk407 

The galaxy Mrk 407 is included in the iPetrosian et~an (l2007h 
Atlas of Markarian galaxies, where it appears classified as an SO. 
J, H, and K NIR surface brightness photometry was published in 
ICairos et al. (2003), but the quality of these data was insufficient 
for assessing whether or not this galaxy has an older stellar low 
surface brightness component underlying the SF regions. The 



only spectroscopic data available in the literature are its redshift 
and the equivalent widths and flux ratios of the strongest lines 
(Ugryumovet al. 1998). 

The PMAS FOV covers an area of 2.1 x 2.1 kpc with a spa- 
tial sampling of 130 pc per spaxel. Two-dimensional maps of 
Mrk 407 are shown in Fig. |2l 

Emission line and continuum maps show an overall regular 
morphology, with the intensity distribution peaking roughly at 
the center of the outer elliptical isophotes. In the emission line 
maps the isophotes are elongated along the northwest-southeast 
axis, whereas in the continuum frames they are of a roughly 
circular morphology, although in the outer regions they appear 
slightly distorted and elongated along the northwest-southeast 
direction — as previously s een in the NIR contour maps pub- 
Ushed in lCairos et all ( l2003h . 

The excitation maps trace the SF knots, as expected in re- 
gions photoionized by s tars, with values typical of H ii regions 
^Veilleux & Osterbrocki ,1987). The [Oiii]/Hj6 map also peaks 
southeast of the central SF region, at the same spatial location 
as the extinction maximum. 

The galaxy has an inhomogeneous extinction pattern, with a 
dust lane crossing it southwest-northeast, where Hafli/3 reaches 
values of up to 5.5 — which translates into an interstellar red- 
dening E(B - V) of up to 0.6. In the rest of the galaxy, the values 
of the Ha/H/3 ratio are closer to the theoretical value of 2.86. 

Both the nuclear and the integrated spectra of Mrk 407 dis- 
play strong emission lines atop a blue continuum, with several 
absorption features (high order Balmer lines in absorption and 
pronounced absorption wings in H6, Hy and H/3; see Fig. [TOl i: 
the absorption features are indicative of a substantial contribu- 
tion from older stars. As we could not detect [Om] /14346, the 
oxygen abundance was derived from the empirical calibrations. 
We found a value of O.AZq, which places Mrk 407 in the high 
metallicity BCD group. 

While the Ho- and [O iii] velocity maps are quite noisy, they 
both seem to indicate an overall rotation around an axis roughly 
oriented on the northwest-southeast direction, with a velocity 
amplitude of about 30^0 km s"' . 

4.2. Mrk 32 (= UGCA 21 1, SBS 1023+565) 

With Mb = -14.99, Mrk 32 is one of the faintest galaxies 
in our sample. In the Petrosian et alj (l2007h Atlas it is clas- 
sified as an Im/BCD. Broad -band imaging and optical spec- 
troscopy were published in iHunter & Elmeereeiil (l2006h and 
iHunter & Hoffmanl(ll999l) . respectively. 

The PMAS FOV covers an area of 1.27 x 1.27 kpc with a 
sampling of 80 pc per spaxel. Two-dimensional maps of Mrk 32 
are shown in Fig. [3] 

In the continuum the galaxy shows an overall regular be- 
havior, with elliptical isophotes, much elongated in the north- 
south direction. Although the intensity distribution clearly in- 
creases towards the central regions, there is not a clear peak, but 
a somehow diff'use maximum, whose position seems to be dis- 
placed to the west when moving towards red wavelengths. All 
the emission-line maps display a similar pattern, with the SF 
knots roughly aligned in the south-north direction, and all, ex- 
cept [On], peak at the northeast knot (A, as labeled in Fig. O; 
none of the three SF knots seen in emission-lines coincides with 
the central intensity peak in the continuum maps. 

The excitation maps trace the three SF regions; the max- 
imum in [Oiii]/Hy6 (the minimum in the other maps) is lo- 
cated in the brightest knot A. Line ratio maps display values 
typical of H ii regions, aside from the southern regions whose 
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higher values for [O i]fHa and [S n]/Ha are more characteristic 
of LINERS/Seyfert galaxies (log[Oi]/HQ' > -1.3, log[Sii]/Ha' 
> -0.4; Veilleux & Osterbrock 1987); this suggests that another 
mechanism, most probably shocks, is contributing to the gas ex- 
citation. 

The Hafli/3 ratio map displays a noisy pattern, with most of 
the spaxels showing values close to 2.86; however, several spax- 
els located in the outer regions and close to knot C have higher 
values — consistent with the higher reddening values derived for 
the integrated spectrum of knot C. 

We produced the integrated spectrum of knot AB (because of 
their closeness, knots A and B were lumped together although 
they seem to be two separate SF regions) and C (whose small 
size is dictated by the need of keeping it separated from AB), 
and of the integrated galaxy spectrum. All three spectra are dom- 
inated by young stars, with strong emission lines atop a blue 
continuum; in knot C, and in the integrated spectrum, absorption 
wings around Balmer lines are detected. We also have a marginal 
detection of the Wolf-Rayet (WR) bump at /14650 A in the two 
spaxels marked in Fig. [3] Unfortunately, the S/N ratio of the WR 
bump is too low for a reliable measurement of its flux. 

We found a low interstellar extinction, E{B - V) < 0.12, 
considerably lower than the E{B -V)- 0.48 value reported by 
[Hunter & Hoffman ( 1999). 

For knot AB (the only one where we could measure the 
[Oiii] /i4363 line), we derived an oxygen abundance of 12 -i- 
log(0/H) = 7.56 (about 1/13Z0), which places Mrk 32 among 
the extremely metal-d eficient BCDs — galaxies h aving 12 + 
log(0/H) < 7.6 (Pap aderos et"ani2008HKunth & OstUn 2000 ). 

This value is considerably lower (by 0.6 dex) than that de- 
rived with the empirical calibrations. This is in line with pre- 
vious works that found that empirical calibrations yield oxygen 
abundances syste matically highe r than the Tg-based abundances 
(see for instance iShi et alJl2005l where discrepancies on the or- 
der of 0.45 dex have been found). However, this considerable 
disagreement may also arise from the relatively large measure- 
ment unce rtainties for the fa i nt [O i ii] /14363 emission line (ac- 
cording to iKobulnickv et alJ (Il999h . Gaussian fits to emission 
lines with very low S/N ratios are systematically biased towards 
higher values). Deep spectroscopic observations are required to 
derive accurate Te-based abundances. 

The velocity field appears essentially flat, with perhaps a hint 
of a small increase to the southwest. 

4.3. Mrk 750 

The galaxy Mrk 750 is an extremely faint (Mb = -12.82) 
BCD, classified as BCD/Im in Petrosian et al. (2007) . It be- 
longs to the sample of low metallicity galaxies (ilzotov & ThuanI 
Il999t Ilzotov et all l2007h. and it is also a weU-known Wolf- 
Rayet galaxy: Kunth & Joubertl (Il985h first pointed out the broad 
He II /14686 A emission, and IContil (Il991 f) reported the detec- 
tion of Niii /t4640 A; these re s ults are consi s tent w ith those 
found in Ilzotov & ThuanI (Il998h ; iGuseva et all (l200d) also no- 
ticed Civ /i5808 A. Broad-band optical and Ha observations 
were published by Mendez & Esteban (2000). Fr om high spa- 
tial resolution H i synthesis observations, ivan Zee et alj (1200 Ih 
found that the neutral gas extends to approximately twice the 
optical diameter of the galaxy, peaking in the central region of 
star formation. 

Our IFU data cover a region of 400 x 400 pc, with a sam- 
pling of 25 pc per spaxel. Two-dimensional maps of Mrk 750 
are shown in Fig.lH 



The galaxy has a similar morphology both in the emission 
line and in the continuum maps, with roughly circular isophotes 
and a single central peak, whose position is the same in all maps 
(emission lines and continuum). However, while in the emission 
line maps the isophotes are circular at all intensity levels, in the 
continuum maps the outer ones appear elongated to the north- 
east, indicating that the central, bigger knot of Mrk 750 is con- 
necting with a continuum source. T his peculiar morpho l ogy w as 
interpreted as an interaction sign in lMendez & EstebanI (|2000|) . 

The excitation maps all display the same pattern and all trace 
the central SF knot. The ratio values in the four maps are consis- 
tent with ionization by hot stars. 

In the extinction map we clearly distinguish a dust patch 
dominating the southeast part of the galaxy, with Ha/H/3 values 
up to 3.8 — E(B - V) up to 0.27. 

The integrated and nuclear spectra are both blue, OB young 
stars dominated spectra with very prominent emission lines; nei- 
ther Balmer absorption wings nor absorption lines are visible. 
In agreement with previous results, we detected the blue Wolf 
Rayet bump around 4640A (see Fig. [TOt ; this feature is promi- 
nent in ten spaxels, located all in the nuclear region of the galaxy. 
We also have a marginal detection of C iv /15808 A (the red Wolf- 
Rayet bump) in three central fibers. The position of the spaxels 
with the Wolf-Rayet signature is shown in the [Oiii] flux map 
with crosses and squares for the blue and the red bumps respec- 
tively (see Fig.|4]l. 

We computed the fluxes and equivalent width of the blue 
WR bump in the nuclear spectrum by a plain integration of 
the signal in the corresponding spectral region after fitting and 
subtracting the underlying continuum. Because the WR bumps 
are a blend of both genuine WR features and nebular lines, our 
measurement is actually an upper limit (the S/N ratio and the 
resolution of the spectrum do not allow us to fit and subtract 
separately the nebular lines). The extinction-corrected flux is 
F(WRbiue) ~ lOOx 10"'^ ergs cm"^ s"' , and the equivalent width 

is EW(WRblue) ~ 10. 

The oxygen abundance derived for the nuclear spectra using 
the Te based method, 12 -i- log(0/H) = 8.12 ± 0.03, exceUently 
agrees with the value 1 2 -i- log(0/H) = 8.11+ 0.02 reported by 
Ilzotov & ThuanI (fT998h . There is also good agreement with the 
values we derived with empirical calibrations. 

Both the Ha and [Oiii] velocity maps, while somewhat 
noisy, display a rotation pattern around an axis roughly ori- 
ented east- west, with an amplitude of about 20 km s"^; this re- 
sult qualitatively agrees with the Hi kinematics published by 
van Zee et aL (2001). 



4.4. Mrk 206 (=UGCA 280, SHOC 371 ) 



The g alaxy Mrk 206 is classified as a BCD in iPetrosian et alJ 
(l2007l) . Intensities and equivalent widths of hydrogen and oxy- 
g en emission lines as w ell as oxygen abundances are published 
in lKniazev et al.1 (|2004 . 

Our IFU data cover a region of 1.9 x 1.9 kpc with a spa- 
tial sampling of 120 pc per spaxel. Fig. |5] displays the two- 
dimensional maps of Mrk 206. 

The galaxy shows a regular morphology both in emission 
line and continuum maps with a central SF region and roughly 
circular isophotes. 

All the excitation maps trace this central SF region, and in all 
of them the ratio values are consistent with ionization by young 
stars. 
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The extinction pattern on the other hand is highly inhomoge- 
neous, with a substantial amount of dust located on the northeast 
region of the galaxy, with Ha/Hfi ratios up to 6 — E{B - V) up 
to 0.7. 

The galaxy displays a flat, typical Hii region spectrum, 
with no evident absorption features. With a metallicity of about 
0.6Zq it is the galaxy with the highest metallicity in our sample. 
However, as we fail to det ect [Oiii] A4363 , only empirical abun- 
dances could be obtained. iKniazev et alJ (2004) published a 
based method abundance of 12 + log(0/H) - 8.04, * 0.4 dex 
lower than that derived here. 

The velocity field shows a clear overall rotation along a 
southeast-northwest axis and interestingly seems much like the 
extinction pattern seen in the Ha/H/S map. The northeast side is 
approaching, the southwest side is receding; the velocity ampli- 
tude inside the mapped region is about 50-60 km s ^ 

4.5. Tololo 1434+032 (= SHOC 474) 



Tololo 1434-H 032 is a low-metalHcity BCD (llzotov et al.ll2007t 
iKniazev et al. 2004<). and 7^ broa d-band photometry was pub- 
lished in lDoublier et alJ (Il997h andlOil de Paz et all (l2003h . and 
He imaging in'Gil de Paz et al.l 42003*). 

The PMAS FOV covers a region of 2.3 x 2.3 kpc, with a 
spatial sampling of 140 pc per spaxel. Two-dimensional maps of 
Tololo 1434+032 are shown in Fig.|6] 

The galaxy shows a clumpy morphology both in emission 
lines and in the continuum. In the continuum maps we resolve 
two major emission peaks. The strongest is located in the south- 
east, while the other is displaced about 9 arcsec (1.3 kpc) to the 
northwest. All emission lines maps have the same structure: four 
SF knots are distributed in a roughly circular pattern, with the 
peak of emission located in knot A, whose position coincides 
with the continuum peak (knots are labeled in the Ha map in 
Fig. |6]l. Northeast of A there is a smaller knot, B, while two 
fainter knots, C and D, are seen in the north side: neither coin- 
cides spatially with the secondary continuum peak. (Because of 
their small size and luminosity, C and D were lumped together 
to obtain their integrated spectrum.) 

The excitation maps trace the regions of star formation and 
display in the whole field of view values typical of H n regions. 

The galaxy shows an homogeneous extinction pattern with 
values close to the theoretical value of 2.86 across the whole 
FOV. 

The spectra of the resolved SF knots are very similar and also 
resemble well the integrated spectrum: they are all flat, young 
star-dominated spectra with no evidence of absorption features. 
The oxygen abundance we found for the brightest knot, using 
the Te method, 12 + log( 0/H) ^ 8.05 + 0.07, compares wefl 
with the value derived in .Kniazev et all (|2004), 12 + log(0/H) - 
7.97 ± 0.04. The values derived through empirical calibrations 
are also very similar. 

Both the Ha and the [O iii] velocity maps seem to marginally 
indicate a low amplitude rotation (< 20 km s ') around a 
northeast-southwest axis. 



4.6. Mrk 475 

The galaxy Mrk 475 is a low luminosit y object, included 
in Izotov's sample of metal poor galaxies (Izotovetal. '1994 
[2007), and is classified as a BCD in Petrosian et al. (2007). B 
and R broad-band sur face brightness photom etry and Ha imag- 
ing were published bv iGil de Paz et al](l2003h . It is a WR galaxy. 



where ne bular and broad He ii A46S6 lines and C iv /15808 wer e 
detected (IContillI99II:[Schaerer et alJII999l:lGuseva et alJl2 000^. 

Our IFU data cover a region of 920 x 920 pc, with a spatial 
sampling of 58 pc per spaxel. Two-dimensional maps of Mrk 475 
are displayed in Fig.|2] 

This is a compact, regular object, with a single central SF 
knot. Emission lines and continuum maps display all the same 
morphology. 

The ionization maps show all the same complex pattern: 
while in the western galaxy regions the excitation ratio decreases 
with the distance from the central SF region, in the eastern part 
it displays a constant value. The four ratio maps show values 
typical of excitation by hot stars. 

The extinction map is inhomogeneous and has a peak in the 
southwest; extinction values are moderate, with Ha/Hj3 peaking 
around 3. 

The galaxy displays a blue spectrum, with prominent emis- 
sion lines and no visible absorption features. We detected the 
blue WR bump in eight spaxels (marked with crosses in Fig.|7]l; 
in two of them the red WR bump is also visible (squares in 
Fig. I2I1. We measured the flux and equivalent width of both 
WR bumps in the nuclear spectrum in the same way we did for 
Mrk 750, finding fluxes of ~ 80 x 10 and ~ 20 x 10"'^ and 
equivalent widths of 15 and 4 A for the blue and the red bump 
respectively. 

The oxygen abundance we found for the nuclear region, us- 
ing the Te method, 12 + log(0/H) = 7.92+0.02, a grees wefl with 
the value of 7.97 ± 0.04 reported bv I zotov etali (1I994I) . Values 
derived using the empirical calibrations are slightly higher, but 
still in good agreement (difference < 0.15 dex). 

Both the Ha and the [O iii] kinematical maps show a flat ve- 
locity field. 

4.7. / Zw 123 (= UGCA 410, Mrk 487) 



The g a 
12^ 



alaxy I Zw 123 is classified as a BCD in iPetrosian et al.l 
and belongs also to the metal-poor BCD class 



(Iz otov et al.lll997l; llzotov & Thu an 1999). I Zw 123 is a rela 
tively well-studied object: optical surface photometry w as pub- 
lished in several paper s (Cairos et al. 2001a,b; Gil de P az et al.l 
200 31 ICaon et al.ll2005l: Amorfn et al. 2007), NIR photometry in 
iCairos et alJ ( 2003 ). A thorough spectroscopic study, including 
an analysis of its stellar content in terms of populatio n synthesis 
models , was publis hed in th e series of papers by Kong & ChenjI 
(2002h.lKonget al.1 (2002) . .Kong et all (l2003h . iKong (2004) and 
IShi et all (120051k 

The PMAS FOV covers an area of 1.2 x 1.2 kpc, with a 
spatial sampling of 75 pc per spaxel. Two-dimensional maps of 
I Zw 123 are shown in Fig.|8] 

In the continuum this galaxy is compact, with the intensity 
peak located in the center of the outer circular isophotes. All 
the emission-line maps have the same pattern, with a single SF 
region slightly displaced (2 arcsec or 150 pc) to the north of the 
continuum peak; the central isophotes are elongated in the south 
direction, resembling a small tail. 

The three excitation maps display the same structure, tracing 
the SF region; the values are typical of regions photoionized by 
stars, except in the [S n]/Ha map, where the outer regions have 
relatively high values (log[S n]/Ha> -0.4); this could indicate 
that shocks are playing a significant role. 

The extinction map displays a maximum located in the same 
position as the SF knot; the peak values of the Ha/HjS ratio im- 
plies an E(B - V) of about 0.3 mag. 
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The galaxy exhibits a blue spectrum, with prominent emis- 
sion lines and no evident absorption features. The oxygen abun- 
dance that we find by applying the method, 12 + log(0/H) - 
8.13 ±0.03 agrees well with the value reported in llzotov & ThuanI 
([1999), 12 + log(0/H) = 8.06 + 0.04. 

In both the Ha and [O III] velocity maps the velocity field 
appears flat (the higher velocities seen in the outermost spaxels 
in the [O III] map are most likely due to noise). 

4.8. I Zw 159 (= UGCA 412, Mrk 1499) 



In iPetrosian et all (l2007h I Zw 159 is classified as a BCD/Irr. 
Optical surfac e brightness photome try w a s published in 
iDoublier et all ([T9 97). Doublier et al l (|l999h . iGil de Paz et"an 
(12003') and 'Gil de Paz & Madore (2005'). It is also include d 
in the spec tr oscopy s tudy of BC D s bv Kon g_ & Chend (l2002h . 
Kong et all tOOA (long et all (l2003l) . iKongI (|2004 and 



Shi et al.l (l2005h . and is the only object in our sample in com 



mon with the sample of galaxies studied by means of IFS by 
IPetrosian et"ar ('2002'). 

The PMAS FOV covers a region of 3.4 x 3.4 kpc, with a 
spatial resolution of 210 pc per spaxel. Two-dimensional maps 
of I Zw 159 are shown in Fig.|9] 

In the continuum the galaxy shows a central intensity peak 
and a boxy morphology, with isophotes elongated around a 
northeast-southwest axis. In all the emission lines we see the 
same pattern: a central peak, whose position coincides with the 
continuum peak, surrounded by elongated isophotes. 

All the excitation maps trace the SF knot; whereas in the 
[Oiii] ASQQl/Hfi and [Nn] A65M/Ha maps the values are con- 
sistent with photoionization by young stars in the whole galaxy, 
in the [S ii]/!!^ and [O i]fHa maps the outer regions of the galaxy 
have higher values (log[Oi]/HQ'> -1.0, log[S n]/}ia> -0.4), in- 
dicating that an additional mechanism, probably shocks, is act- 
ing there. 

The galaxy shows an irregular extinction pattern, with a dust 
patch located in the northern regions, where E(B - V) is as high 
as 0.45 mag. 

The integrated spectra are blue, with some absorption wings 
around the B aimer lines. With an oxygen abundance 12 + 
log(0/H) ^ 8.3, this galaxy also belongs to the high-metallicity 
BCDs branch. 

The velocity field in the Ha and [O iii] maps shows a clear 
overall rotation along an axis roughly oriented south-north, with 
an amplitude of about 70-80 km s~\ in broad agre ement with 
the velocity field published bv lPetrosian et alj (l2002h . 



5. Summary and conclusions 

We present here what is to our knowledge the most extensive 
IFS analysis of a sample of BCDs. This study is based on PMAS 
data, which cover a wavelength range of 3590-6996 A, with a 
linear dispersion of 3.2 Aper pixel, and map an area 16" x 16" 
with a spatial samphng of 1" x 1". 

For all the sample galaxies we produced an atlas of two- 
dimensional maps: two continuum bands, the brightest emis- 
sion fines (i.e. [On] A3727, H/3 , [Oiii] ^5007, [Oi] ^6300, Ha, 
[Nil] /16584and [Sii] AA6in, 6731) and the most relevant line 
ratios (i.e. [Oni]/H/3, [Oi]/Ha, [Nii]/Ha, [Sii]/Ha and Ha/H/3) 
as well as the velocity field of the ionized gas. Integrated spec- 
troscopic properties of the most prominent SF regions and of the 
whole galaxy have been also derived. 

From this work we highlight the following results: 



1. All the objects except Mrk 750 and Tololo 1434H-032 ex- 
hibit a mostly regular morphology in the continuum, with 
one (or several for Mrk 32 and Tololo 1434-1-032) cen- 
tral SF regions placed atop a more extended host galaxy. 
The galaxy Mrk 750 reveals elongated outer isophotes, and 
Tololo 1434-H032 displays a clumpy continuum morphology. 
All the galaxies show a similar morphology in the different 
mapped emission lines, as expected for objects ionized by 
hot stars, and for most of the galaxies the emission line mor- 
phology traces also the stellar component. Only for Mrk 32 
and Tololo 1434+032 we found that the distribution of the 
gaseous emission differs considerably from that of the stel- 
lar component. Spatial discrepancies in the distribution of 
emission lines and continuum are interpreted as signs of a 
spa tial migration of the SF over the history of the galax- 
ies dPetrosian et al.l l2002l). However, small spatial offsets be- 
tween continuum and emission line peaks, as those seen 
in Tololo 1434-1-032, and which are indeed a common fea- 
ture in compact starburst galaxies ( Hunter & ThronsonI 19951 : 
iMaiz-Apellaniz et al.llT99a; iLagos et al.,i2007 '). are likelv re- 
lated to the release of kinetic energy by massive stars and 
supernova explosions. 

2. The different excitation maps produced for the same galaxies 
display a similar pattern and trace the regions of star forma- 
tion as expected in objects ionized by hot stars. In three out 
of the eight sample galaxies, namely Mrk 32, 1 Zw 123 and 
I Zw 159, higher values of [Sii]/Ha in the outer galaxy re- 
gions suggest shocks. 

3. Six out of the eight objects display inhomogeneous extinc- 
tion maps, with interstellar reddening values E{B - V) vary- 
ing across the galaxy from < 0.1 up to 0.7. This result 
stresses the importance of performing a bidimensional study 
of the interstellar extinction even when dealing with the less 
luminous and more compact BCDs as those studied here. 
Assuming a single, spatially constant value for the extinc- 
tion, as is usually done in long-slit or single-aperture spec- 
troscopic studies, can lead to large errors in the derivation of 
fluxes and magnitudes in the different regions of the galaxy. 

4. All SF regions in the sample galaxies have low electron den- 
sities, ranging from < 100 to 320 cm"-*, typical of classical 
Hii regions. 

5. The oxygen abundances in the present objects range from 
12 + log(0/H) = 7.56 to 8.44 (Z = l/OZ© to Z = O.6Z0). 
We measured for the first time the oxygen abundances of 
Mrk 407 and Mrk 32. The galaxy Mrk 407 is found to be 
a relatively high metallicity BCD, while the oxygen abun- 
dance found for Mrk 32 from the [Oiii] /14363 line flux 
would place it in the list of extremely metal-poor galax- 
ies. These systems, with 12 + log(0/H) < 7.6, are excel- 
lent laboratories for galaxy formation and evolution stud- 
ies, as they allow us to study chemical compositions and 
stellar populations in conditions approaching those of dis- 
tant protogalactic systems. However, they are also very dif- 
ficult to find, and at the present time onl y about 30 ex- 
tremely metal-deficient B CDs are known (|Kunth & OstlinI 
l2000tlKniazev et alJl2004l:lPapaderos et al]|2008l) . 

6. Wolf-Rayet features were measured in three out of the eight 
galaxies; a marginal detection was reported for Mrk 32. 

7. Three galaxies display a clear rotation pattern (Mrk 750, 
Mrk 206, I Zw 159); for Mrk 407 and Tololo 1434H-032, 
although the maps are noisier, both seem to indicate a low 
amplitude rotation around a preferred axis. For Mrk 32, 
Mrk 475 and I Zw 123 the velocity fields are nearly flat. 
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This paper is part of a larger project that aims to map of the 
properties of an externsive and representative sample of BCDs 
by means o f IFS. Results for five luminous BCDs were pub- 
lished in Gar cfa-Lorenzo et al ](l2008), and results for the galax- 
ies Mrk 4 09 andMrk 1418, als o ob served with PMAS, h ave been 
shown in lCairos etal] (l2009al) and lCairos et alj (l2009bl) respec- 
tively. The global properties of the whole sample will be dis- 
cussed in a forthcoming publication. 
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Fig. 2. Two-dimensional maps for Mrk 407. Continuum maps in the "emission line free" intervals 4500^700 A (blue) and 
6000-6200 A (red); emission line flux maps: [On] xi3727, H/3, [Oiii] xi5007. Ha, [Nii] xi6584 and [Sii] AA67n, 6731; lines 
ratio maps: [Oiii] ASOOl/Hfi, [Nii] A65M/lia, [Sii] AA61\1 , 6731/Hq' (ionization ratios), HalWp (intersteflar extinction) and 
[Sii] /l6717/[Sii] /16731 (electron density); velocity fields of the ionized gas in the Hot and [Oiii] A5QQ1 lines. Axis units are 
arcseconds; north is up, east to the left. All the maps except extinction, electron density and velocities are in logarithmic scale. Flux 
units are 10"'** ergs cm"^ s"' . The outline of the region within which the integrated nuclear spectrum was obtained (see Sect. l3.4l i is 
shown in the Ha map. 
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Fig. 3. Same as Fig. |2] for Mrk 32. The [Oi] /16300 flux map and the [Oi] /16300/Ha ionization ratio map are also included. The 
outline of the identified SF knots (see Sect. 13.41 ) is shown in the Ha map. Spaxels with a marginal detection of the blue WR bump 
have been marked by crosses in the [O iii] map. 
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Fig. 4. Same as Fig.|2]for Mrk 750. Maps of [Oiii] /14363, [Oi] /16300, and of the [Oi] /16300/Ha ionization ratio are also included. 
Spaxels in which the WR feature was detected were marked in the [O iii] /15007 map with crosses and squares for the blue and the 
red bumps respectively. 




Fig. 5. Same as Fig. |2]foi- Mrk 206. Maps of [O i] /i6300 and of the [O i] /16300/Hq' ionization ratio are also included. 
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Fig. 6. Same as Fig. |2]for Tololo 1434+032. The outline of the identified SF knots (see Sect. 13.41 ) is shown in the Ho' map. 
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Fig. 7. Same as Fig. |2]for Mrk 475. Maps of [Oi] /16300 and of the [Oi] /16300/Hq' ionization ratio are also included. Spaxels in 
which the WR feature has been detected have been marked in the [O iii] /15007 map with crosses and squares for the blue and red 
bumps respectively. 
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Fig. 8. Same as Fig.|2]for I Zw 123. Spaxels in which the WR blue bump was detected were marked in the [Oiii] /15007 map. 
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Fig. 10. Nuclear and integrated spectra for Mrk 407, Mrk 750 and Mrk 206; for Mrk 32, spectra of the identified SF regions and the 
integrated spectrum. The inset in the Mrk 750 figure shows in detail the blue WR bump region in the nuclear spectrum. Spectra are 
shown in logarithmic scale and are ofi'set for clarity. The interval between large tickmarks is 1 dex (0.05 dex in the inset). 
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Fig. 11. Nuclear spectra and integrated spectra for Mrk 475, 1 Zw 123 and I Zw 159; for Toiolo 1434+032, spectra of the identified 
SF regions and the integrated spectrum. The insets in the Mrk 475 and I Zw 123 figures show in detail the blue WR bump region in 
the nuclear spectrum. 



Table 3. Reddening-corrected line ratios, normalized to H0^*' for the sample of galaxies 



Ion 



3727 
3869 
3889 

3968 
4101 
4340 
4363 
4471 
4861 
4959 
5007 
5876 
6300 
6548 
6563 
6584 
6678 
6717 
6731 



[On] 

[Neiii] 

H8+Hel 

[Neiii] 

HS 

Hy 

[Oiii] 

He I 

H/S 

[Oiii] 

[Oiii] 

He I 

[Oi] 

[Nil] 

Ha 

[Nil] 

He I 

[Sii] 

[Sii] 



Mrk407 



Nuclear 



Integrated 



C(H8) = 0.237 ± 0.057 
£(B-VO = 0.163 ±0.039 



C(H8) = 0.165 ±0.113 
£(B-VO = 0.114 ±0.078 



Knot AB 



Mrk32 
KnotC 



Integrated 





w 


fx 


w 


fx 


y^x 


fx 


rrX 


fx 








A J. 1 00 




"5 01 J. n 11 

O.Zi ± U.Jl 


lyl Q J. 1 Q 

j'l-.y ± i.o 


A 11 J. n 

4. / / ± U.DO 


■51 Q J. 1 
JD.y ± Z.O 


A If, J. n OI 


If, Q J. y1 
ZO.y ± Z.4 


— 


— 


— 


— 


0.44 ± 0.08 
— 


6.8 ± 1.2 
— 


— 


— 


— 


— 










U.Z5 ± U.UJ 


4. 1 ± 0.4 










u.z / ± U.UD 


T /I J, n /I 

Z.4 ± U.4 






W.4o ± U.U4 


a ^ ^ Ci fi. 


rt /1"7 J. rt rt/1 
u.4/ ± U.U4 


4.0 ± U.J 


n 'CO J, rt AQ 
U.DZ ± U.UO 


/I A J. A <\ 
4.U ± U.J 










U.Uo ± U.UZ 


1.5 ± 0.5 










1.00 ±0.00 


10.5 ± 0.3 


1.00 ± 0.00 


10.2 ± 0.7 


1.00 ± 0.00 


24.2 ± 0.7 


1.00 ± 0.00 


11.7 ± 0.4 


1.00 ±0.00 


9.8 ± 0.6 


1.17 ±0.06 


12.8 ± 0.4 


1.04 ±0.12 


10.1 ±0.9 


0.99 ± 0.04 


25.8 ± 0.7 


0.90 ± 0.06 


11.6 ±0.5 


0.87 ± 0.09 


9.2 ± 0.7 


3.16±0.13 


35.3 ± 0.4 


2.70 ± 0.23 


26.2 ± 0.9 


2.82 ±0.11 


70.8 ± 0.8 


2.53 ±0.12 


33.0 ± 0.6 


2.20 ±0.16 


23.2 ± 0.7 










0.12 ±0.02 


4.0 ± 0.6 


0.16 ±0.03 


2.7 ± 0.6 














0.09 ± 0.01 


3.4 ± 0.5 


0.10 ±0.02 


1.9 ±0.4 


0.15 ±0.02 


2.4 ± 0.3 


2.86 ±0.16 


53.0 ± 0.4 


2.86 ±0.32 


46.6 ± 0.9 


2.87 ±0.12 


107.4 ± 1.4 


2.86 ±0.18 


63.9 ± 0.7 


2.86 ± 0.26 


46.4 ± 0.7 


0.26 ± 0.02 


4.8 ±0.3 


0.23 ± 0.04 


3.7 ± 0.6 


0.14 ±0.02 


5.4 ± 0.9 


0.23 ± 0.03 


5.1 ±0.7 


0.21 ± 0.04 


3.4 ±0.7 


0.04 ± 0.01 


0.8 ±0.2 


















0.31 ±0.02 


6.0 ± 0.3 


0.37 ± 0.06 


6.2 ± 0.7 


0.38 ± 0.02 


15.7 ± 0.5 


0.33 ± 0.03 


6.9 ± 0.4 


0.49 ±0.06 


8.4 ± 0.6 


0.25 ± 0.02 


4.9 ± 0.3 


0.30 ± 0.05 


5.2 ± 0.7 


0.29 ± 0.02 


11.7 ±0.5 


0.26 ± 0.03 


5.4 ± 0.5 


0.39 ± 0.05 


6.5 ± 0.6 


F(HS) = 336.3 ± 45.8 


F(H8) = 408.4 ±110.9 




113.4 ±6.6 


F(H8) = 


24.4 ± 3.8 


F(HS) = 232.6 ± 52.6 



C(H8) = 0.108 ±0.021 
£(B - V) = 0.075 ± 0.014 



C(HS) = 0.167 ±0.065 
£(B-V) = 0.115 ±0.045 



C(H8) = 0.107 ±0.095 
E(B-V) = 0.074 ± 0.065 



(*) Notes. - Reddening-corrected line fluxes, normalized to f(H8) = 1. Equivalent widths of Balmer lines are corrected for underlying stellar absorption. The reddening coefficient, C(H8), E(E - Y) (derived as 0.69x C(H8)) and the reddening-corrected 
US flux, fCHSXxlO"'^ ergs cm"^ s~') are listed for each region. The quoted uncertainties account for measurement, flux-calibration and reddening coefficient errors. 
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n 



a" 

TO 



'■a 

3 
-a 



o 
I 



I- 

TO 



Table 4. Reddening-corrected line ratios, normalized to 










Mrk750 






Mrk206 








Nuclear 


Integrated 


Nuclear 


Integrated 










fx 


-Wx 


Px 


-\fx 


Fx 


-Wx 


3727 


in III 


2.04 ± 0.17 


106.8 ± 3.3 


2.41 ± 0.23 


86.6 ± 2.6 


3.85 ± 0.33 


91.3 ± 3.4 


4.96 ± 1.27 


1 1 A T CA ^7 

219.7 ± 50.7 


3869 


[Ne iiij 


0.43 ± 0.03 


28.0 ± 0.7 


0.49 ± 0.05 


24.4 ± 1.6 










3889 




0.19 ± 0.01 


12.7 ± 0.6 


0.24 ± 0.03 


12.2 ± 1.2 










3968 


[Ne III] 


0.27 ± 0.02 


18.8 ± 0.6 


0.30 ± 0.03 


17.4 ± 1.3 










4101 




0.26 ± 0.01 


19.0 ± 0.4 


0.22 ± 0.02 


19.3 ± 0.4 


0.21 ± 0.03 


4.5 ± 0.7 






4340 


ny 


0.47 ± 0.01 


42.0 ± 0.5 


0.50 ± 0.03 


28.8 ± 1.2 


A /IT 1 A A1 

0.47 ± 0.02 


12.1 ± 0.5 


A 1A 1 A AC 

0.30 ± 0.05 


5.6 ± 0.8 


4363 


[U IIIJ 


0.06 ± 0.01 


5.2 ± 0.3 


0.07 ± 0.02 


4.1 ± 0.9 










4411 


He I 


0.04 ± 0.01 


3.5 ± 0.3 


0.06 ± 0.01 


3.8 ± 0.8 










4861 


np 


1.00 ±0.00 


114.1 ±0.3 


1.00 ±0.00 


68.1 ±0.9 


1.00 ± 0.00 


30.8 ±0.3 


1.00 ±0.00 


20.1 ± 1.0 


4959 


ro ml 


1.72 ±0.04 


280.2 ± 0.7 


1.60 ±0.05 


107.1 ±1.1 


0.67 ± 0.02 


21.7 ± 0.3 


0.69 ± 0.06 


14.4 ± 1.0 


5007 


ro m1 
l\j III] 


5.00 ± 0.12 


801.9 ± 1.0 


4.75 ±0.14 


323.4 ± 1.7 


1.94 ± 0.05 


64.5 ± 0.4 


2.03 ±0.13 


43.6 ± 1.3 


5876 


He I 


0.10 ±0.01 


17.2 ±0.3 


0.12 ±0.01 


11.4 ±0.9 


0.13 ±0.01 


5.8 ± 0.2 


0.18 ±0.02 


4.9 ± 0.6 


6300 


[0 1] 


0.03 ±0.01 


5.6 ±0.3 






0.07 ± 0.01 


3.1 ±0.3 






6548 


[Nil] 










0.19 ±0.01 


9.2 ± 0.2 


0.21 ±0.03 


5.8 ±0.6 


6563 




2.86 ± 0.07 


984.6 ± 2.5 


2.86 + 0.14 


325.5 ± 1.9 


2.86 ± 0.08 


140.4 ± 0.4 


2.86 ± 0.23 


78.4 ± 0.9 


6584 


[Nil] 


0.15 ±0.01 


29.4 ± 0.4 


0.15 + 0.01 


19.1 ±0.8 


0.54 ± 0.02 


26.5 ± 0.2 


0.61 ± 0.06 


16.8 ± 0.8 


6678 


He I 


0.03 ± 0.01 


5.8 ±0.3 


0.04 ± 0.01 


5.3 ±0.9 


0.03 ± 0.01 


1.6 ±0.2 






6717 


[Sir] 


0.16 ±0.01 


37.9 ± 0.5 


0.20 ±0.01 


23.2 ± 0.8 


0.33 ± 0.01 


16.4 ± 0.2 


0.40 ± 0.04 


10.7 ± 0.6 


6731 


[Sir] 


0.12 ±0.01 


29.4 ± 0.4 


0.15 ±0.01 


17.9 ± 0.8 


0.26 ± 0.01 


12.8 ± 0.2 


0.29 ± 0.03 


7.7 ± 0.6 






F(HS) = 1784.0 ± 54.6 


F(H8) = 2454.2 ± 340.5 


F(H8) = 1353.0 ± 58.7 


F(H8) = 1973.8 ± 383.2 






C(HS) = 0.187 ±0.012 


C(HS) = 0.140 ±0.060 


C(HS) = 0.598 ± 0.020 


c(m = 


0.649 ± 0.081 






£(B - V) = 


0.129 ±0.009 


£(B - V) = 


0.097 ± 0.041 


E{B-V) = 


0.412 ± 0.013 


E(B-V) = 


= 0.448 ± 0.056 



Table 5. Reddening-corrected line ratios, normalized to 





"Ton 








Tololo 1434+032 










Mrk475 








Knot A 


KnotB 


Knot CD 


Integrated 


Nuclear 


Integrated 






Fi 








Fi 




Fi 




Fi 




Fi 




3727 


rn III 


2.19 ± 0.22 


153.4 ± 8.9 


2.87 ± 0.43 


123.5 ± 13.6 


3.94 ± 1.28 


490.1 ± 145.9 


3.05 ± 0.71 


64.7 ± 13.1 


1.29 ± 0.12 


107.5 ± 5.6 


1.42 ± 0.28 


139.4 ± 24.4 


3869 


[Nc ttt] 


0.43 ± 0.05 


17.1 ±1.5 


0.44 ±0.11 


13.1 ±3.1 






0.68 ±0.19 


11.3 ±3.0 


0.41 ± 0.03 


44.0 ±2.3 


0.47 ± 0.09 


51.3 ±9.2 


3889 




0.16 ±0.03 


7.4 ±1.3 






— 


— 






0.18 ±0.02 


19.6 ± 1.8 






3968 


[Ne III] 


0.24 ± 0.03 


12.1 ± 1.4 


0.24 ± 0.07 


9.6 ± 2.8 


— 


— 


— 


— 


0.27 ± 0.02 


30.2 ± 1.4 


— 


— 


4101 


HS 


0.27 ± 0.02 


11.7 ±0.9 


0.27 ± 0.05 


8.1 ± 1.4 


— 


— 


— 


— 


0.27 ± 0.01 


28.6 ± 0.7 


0.23 ± 0.03 


18.7 ± 2.3 


4340 




0.48 ± 0.03 


27.3 ±1.2 


0.50 ± 0.05 


22.1 ± 2.1 


0.59 ±0.10 


8.1 ± 1.2 


0.60 ±0.10 


7.6 ± 1.8 


0.46 ± 0.01 


57.2 ± 0.8 


0.47 ± 0.03 


46.1 ± 1.8 


4363 


in ml 
[U IIIJ 


0.07 ± 0.01 


2.1 ± 0.5 


— 


— 


— 


— 


— 


— 


0.08 ± 0.01 


10.2 ± 0.6 


0.09 ± 0.02 


7.7 ± 1.6 


4411 


He I 


— 


— 


— 


— 


— 


— 


— 


— 


0.04 ± 0.01 


4.6 ±0.5 


— 


— 


4686 


Hen 


— 


— 


— 


— 


— 


— 


— 


— 


0.03 ± 0.01 


4.5 ± 0.7 






4861 


np 


1.00 ± 0.00 


70.8 ± 0.9 


1.00 ± 0.00 


49.0 ± 2.0 


1.00 ± 0.00 


19.2 ± 1.3 


1.00 ± 0.00 


25.4 ± 1.4 


1.00 ± 0.00 


143.5 ± 0.9 


1.00 ±0.00 


91.1 ±2.3 


4959 




1.56 ± 0.05 


118.1 ±1.3 


1.46 ± 0.08 


86.9 ± 2.5 


1.20fm0.11 


26.6 ±1.6 


1.33 ±0.10 


35.1 ± 1.5 


1.73 ± 0.04 


258.1 ± 1.2 


1.64 ± 0.06 


148.1 ±2.6 


5007 




4.58 ±0.13 


307.3 ± 1.7 


4.32 ± 0.21 


254.6 ± 3.7 


J.J 1 ± u.z/ 


fj,l ± z.u 


3.98 ± 0.25 


104.4 ±2.1 


5.16 ±0.13 


799.4 ±2.1 


4.93 ± 0.18 


411.5 ±3.8 


5876 


He I 


0.12 ±0.01 


9.5 ±0.9 














0.10 ±0.01 


19.1 ±0.4 


0.10 ±0.01 


9.2 ± 0.9 


6300 
6548 


[0 1] 
[Nil] 


0.06 ±0.01 


7.4 ± 0.7 


0.05 ±0.01 


3.7 ± 1.1 


















6563 


Ho- 


2.86 ±0.11 


340.0 ± 2.3 


2.86 ± 0.20 


207.1 ±3.4 


2.86 ±0.31 


94.2 ±2.1 


2.86 ±0.26 


102.5 ± 2.8 


2.86 ± 0.08 


636.3 ± 1.8 


2.83 ±0.12 


347.1 ±3.4 


6584 


[Nil] 


0.12 ±0.01 


14.1 ±0.8 


0.13 ±0.02 


9.3 ± 1.3 


0.22 ± 0.05 


6.9 ± 1.3 


0.14 ±0.04 


4.9 ± 1.2 


0.09 ± 0.01 


21.3 ±0.6 


0.09 ± 0.01 


9.9 ± 1.3 


6678 


He I 


0.04 ± 0.01 


4.7 ± 0.7 














0.03 ± 0.01 


7.2 ± 0.6 


0.03 ± 0.01 


4.1 ±1.0 


6717 


[Sii] 


0.21 ±0.01 


23.8 ± 0.9 


0.27 ± 0.04 


19.6 ± 2.2 


0.37 ± 0.06 


11.0± 1.5 


0.28 ± 0.05 


9.7 ± 1.4 


0.14 ±0.01 


32.8 ± 0.6 


0.16 ± 0.02 


24.0 ±2.4 


6731 


[Sn] 


0.15 ±0.01 


17.0 ± 0.8 


0.19 ±0.03 


13.9 ± 2.2 


0.24 ± 0.05 


7.2 ±1.4 


0.22 ± 0.05 


7.9 ± 1.6 


0.11 ±0.01 


26.0 ± 0.6 


0.14 ±0.02 


21.2 ± 2.5 








103.3 ± 10.1 


F(m = 


21.6 ± 3.7 


F(m 


= 24.5 ± 6.5 


F(m = 


255.9 ± 56.9 


F(m = 


855.1 ± 40.6 


FQJfi) = 1189.1 ± 100.8 






C(HS) = 0.119 ±0.041 


CQJfi) = 0.040 ± 0.072 


c(m = 


0.131 ±0.111 


COiS) = 0.099 ± 0.093 


CQJfi) = 0.019 ± 0.018 


am = 


0.018 ± 0.034 






E(B-V) = 


0.082 ± 0.028 


E(B-V) = 


0.028 ± 0.049 


E(B-V) 


= 0.091 ± 0.077 


EiB-V) = 


0.068 ± 0.054 


E(B-V) = 


0.013 ±0.012 


E(B-V) = 


= 0.012 ± 0.024 



Table 6. Reddening-corrected line ratios, normalized to Hfi^ 





"Ton 




YLv 123 






Ew 159 








Nuclear 


Integrated 


Nuclear 


Integrated 








-Wx 


Fx 


-Wx 


Fx 


-Wx 


Fx 


-Wx 


3727 


ro III 


1.75 ± 0.17 


55.3 ± 2.9 


2.17 ± 0.34 


37.3 ± 4.6 


3.10 ± 0.27 


79.7 ± 3.7 


3.60 ± 0.49 


87.4 ± 9.7 


3869 


[Ne ttt] 


0.54 ± 0.05 


22.8 ±1.6 


0.47 ± 0.15 


13.6 ± 4.3 


0.27 ± 0.05 


6.5 ± 1.1 






3889 




0.11 ± 0.02 


4.9 ± 1.0 














3968 


[Ne III] 


0.26 ± 0.02 


11.5 ± 0.8 














4101 




0.26 ± O.Ot 


12.1 ± 0.5 






0.26 ± 0.02 


6.7 ± 0.4 






4340 




0.47 ± 0.02 


25.8 ± 0.5 


0.39 ± 0.04 


14.6 ±1.3 


0.47 ± 0.02 


13.6 ± 0.4 


0.47 ± 0.03 


9.7 ± 0.6 


4363 


rn ml 

[U IIIJ 


0.07 ± 0.01 


3.9 ± 0.4 














4411 


He I 


0.06 ± 0.01 


3.4 ± 0.5 














4861 




1.00 ±0.00 


66.7 ± 0.5 


1.00 ±0.00 


44.8 ± 1.6 


l.UU ± U.OU 


33.5 ± 0.3 


l.UU ± u.uu 


24.4 ± 0.6 


4959 


rn ml 

[U lUJ 


1.93 ±0.05 


131.2 ±0.6 


1.69 ± 0.09 


73.7 ± 1.8 


0.93 ± 0.02 


31.4 ± 0.3 


0.87 ± 0.03 


19.3 ± 0.4 


5007 




5.78 ±0.14 


406.7 ± 1.0 


5.14 ±0.24 


226.8 ± 2.8 


2.78 ± 0.07 


95.0 ± 0.4 


2.66 ± 0.09 


61.0 ± 0.6 


5876 


He I 


0.09 ± 0.01 


9.5 ± 0.3 






0.11 ±0.01 


4.7 ± 0.2 


0.10±0.01 


3.2 ±0.5 


6300 


[0 1] 










0.07 ±0.01 


3.7 ±0.3 


0.09 ± 0.02 


3.2 ±0.7 


6548 


[Nil] 










0.14 + 0.01 


7.8 ±0.2 






6563 


Ha 


2.85 + 0.07 


323.3 ± 1.4 


2.86 ±0.19 


204.1 ±3.4 


2.86 ± 0.07 


153.5 ±0.5 


2.85 ±0.11 


104.5 ± 1.0 


6584 


[Nil] 


0.14 + 0.01 


15.9 ±0.6 


0.16 ±0.02 


11.2 ± 1.4 


0.35 ±0.01 


18.8 ±0.3 


0.38 ± 0.02 


13.9 ± 0.8 


6678 


He I 


0.03 ± 0.01 


4.2 ±0.5 






0.03 ± 0.01 


1.6 ±0.2 






6717 


[Sii] 


0.14 ±0.01 


16.8 ± 0.5 


0.23 ± 0.03 


17.3 ± 1.8 


0.34 ± 0.01 


18.5 ± 0.3 


0.41 ± 0.02 


15.3 ± 0.6 


6731 


[Sii] 


0.12 ±0.01 


14.6 ± 0.6 


0.17 ±0.03 


12.7 ± 1.7 


0.26 ± 0.01 


14.2 ± 0.3 


0.30 ± 0.02 


11.3 ±0.6 






F(H8) = 1263.3 ± 47.9 


f (US) = 1743.4 ± 279.3 




593.7 ± 20.3 


F(m = 


751.6 ± 46.4 






CCH^) = 0.201 ± 0.014 


C(HS) = 0.188 ±0.067 


C(HS) = 0.238 ± 0.013 


C(H8) = 0.248 ± 0.024 






E(B-V) = 


0.139 ±0.010 


£(B - V) = 


0.130 ±0.047 


£(B - V) = 


0.164 ±0.010 


£(B - V) = 


0.171 ±0.016 



Table 7, Physical parameters and chemical abundances 



Parameter 


Mrk 407 




Mik 32 




Mrk 750 


Mrk 206 




Nucle ar 


Integrated 


Knot AB 


Knot C 


Integrated 


Nlic le ar 


1 n te ^ rated 


Nuc lear 


Iiite srated 


W,.(fSirl) (cm"-*) 




197 


110 


154 


169 


< lUu 


^ 1 c^n 

< lUU 




< 100 


T fronii no^ Kl 

J cVL*-' "J/ ^/ 






1.54 ± 0.22 






1. 13 ± 0.02 


i.z3 ± o.oy 












1 77 ± 3 1 






1.21 ± 0.03 


1.34 ± 0.13 












7 56 + 10 






c 1 9 + n 03 


O . \J\J U . U / 






12 + log(Ne++/H+) 






6.88 ±0.18 






7.37 ± 0.04 


7.27 ±0.12 






12 + log(S+/H+) 






5.80 ±0.09 






5.69 ± 0.02 


5.70 ±0.06 






12 + log(N+/H+) 






6.03 ±0.12 






6.34 ± 0.02 


6.26 ± 0.06 






log(N/0) 






-1.19 ±0.20 






-1.29 ±0.05 


-1.26 ±0.12 






12 + log(0/H)-(N2) 


8.26 


8.24 


8.16 


8.24 


8.22 


8.17 


8.17 


8.44 


8.48 


12 + log(0/H)-(03N2) 


8.24 


8.24 


8.17 


8.25 


8.25 


8.10 


8.11 


8.41 


8.42 


log([Oni]5007/H,8) 


0.50 ± 0.02 


0.43 ± 0.04 


0.45 ± 0.02 


0.40 ± 0.02 


0.34 ± 0.03 


0.70 ±0.01 


0.68 ±0.01 


0.29 ± 0.01 


0.31 ±0.03 


logCLNiiieSM/Ho-) 


-1.05 ±0.04 


-1.10±0.09 


-1.30 ±0.08 


-1.09 ±0.07 


-1.14±0.10 


-1.28 ±0.02 


-1.27 ±0.04 


-0.72 ± 0.02 


-0.67 ± 0.05 


log([S n]6717 + 6731/Ha) 


-0.70 ± 0.03 


-0.63 ± 0.07 


-0.63 ± 0.02 


-0.69 ± 0.04 


-0.51 ±0.05 


-1.00 ±0.01 


-0.91 ±0.03 


-0.68 ± 0.02 


-0.62 ± 0.05 


logCPiieSOO/Hff) 






-1.50 ±0.07 


-1.47±0.10 


-1.27 ±0.07 


-2.04 ± 0.03 




-1.64 ±0.04 





(*) Notes: r,.([0 II]) derived from the relation: Tc{{0 II]) = 0.72 X 7'e([0 III]) + 0.26 found bv fPilvugin et alj 120061) : TMO in]): electron temperature measured from [O in] /i4363; 12 + log(0/H) - {Tc): direct 0/H abundance derived from TMO 
12 + log(0/H) - (N2): 0/H derived from the N2 index jPettini & Pai;ell2004l) : the associated uncertainty is ±0.38; 12 + log(0/H) - (03N2): 0/H derived from the 03N2 index iPettini & Pagell2004l) : die associated uncertainty is ±0.25. 



Table 8. Physical parameters and chemical abundances 



Parameter 




Tololo 1434+032 




Mrk 475 


IZw 123 


IZw 159 




Knot A 


Knot B 


Knot CD 


Integrated 


NuclcQT 


lntc^r3.tG d 


WuclcQT 


Intc^rQtc d 


N^iic1g3J" 


lnt6^r3.tG d 




< 100 


— 

< 100 


— 

< 100 


150 


— T; 

147 




323 




287 


— — 

< 100 


— 

113 


— — 

< 100 




1 1 6 + 08 








1.23 ± U.Uj 


1 in ■ r\ r\c\ 

i.zy ± u.uy 


1.15 ± 0.03 








T ^rn mil fin* ki 


1.25 ± 0.11 








1.3/ ± U.U4 


1.43 ± 0.13 


1 .15 ± O.OD 




















7 -t- 07 


O 1 ^ _i_ A A'l 








12 + log(Ne++/H+) 


7.31 + 0.12 








7.17 + 0.05 


7.16 + 0.13 


7.43 + 0.06 








12 + log(S+/H+) 


5.76 ± 0.06 








5.54 ± 0.02 


5.60 + 0.06 


5.64 + 0.03 








12 + log(N+/H+) 


6.26 ± 0.06 








5.97 ± 0.02 


5.97 + 0.08 


6.29 + 0.03 








log(N/0) 


-1.32 ±0.12 








-1.25 + 0.05 


-1.25 + 0.15 


-1.25 + 0.07 








12 + log(0/H)-(N2) 


8.13 


8.14 


8.23 


8.15 


8.06 


8.07 


8.15 


8.17 


8.32 


8.34 


12 + log(0/H) - (03N2) 


8.08 


8.10 


8.21 


8.12 


8.01 


8.02 


8.07 


8.10 


8.30 


8.31 


log([Oiii]5007/HS) 


0.66 ± 0.01 


0.64 ± 0.02 


0.53 ± 0.03 


0.60 ± 0.03 


0.71 ± 0.01 


0.69 ± 0.02 


0.76 ± 0.01 


0.71 ± 0.02 


0.44 ± 0.01 


0.42 ± 0.01 


log([Nn]6584/Ha) 


-1.38 ±0.04 


-1.34 ±0.07 


-1.11 ±0.11 


-1.32 ±0.12 


-1.54 ±0.02 


-1.51 ±0.06 


-1.31 ±0.02 


-1.26 ± 0.07 


-0.91 ± 0.02 


-0.88 ± 0.03 


log([Sn]6717 + 6731/HQr) 


-0.89 ± 0.03 


-0.79 ± 0.05 


-0.66 ± 0.08 


-0.75 ± 0.07 


-1.06 ±0.02 


-0.98 ± 0.04 


-1.04 ±0.02 


-0.86 ± 0.05 


-0.68 ± 0.01 


-0.60 ± 0.02 


log([Oi]6300/Ha) 


















-1.60 ±0.04 


-1.49 ±0.10 



